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Tests wore conducted to Investigate the effect of 2-percent 
additions of 13 arcxaatlc amines on the knock-limited performance of 
26-B fuel in a CFB engine. Ehock teats of 28-B fuel and of 13 aromatic 
amines blended vlth 28-B fuel in 2-peroent concentrations ware con- 
ducted with a modified F-4 engine at three sets of operating conditions. 
The amines were synthesized or purchased and purified at the Clevoland 
lahoratorjr of the NACA and included bhe following: N-methylcumldines, 
N-methylxylidJnes, jg-ethylenlllne, o-cimiidino, o-cthylaniline, 
N,N-dlmethyl-2,4,6-trlmothylanilinc7 N,N-dlmetijyl-2-iQethyl-5- 
Isoprop^lanlline, N-zneth^ltolaidinus (80 percent 2~> percent o-), 
N-methyltoluidines (60 percent 2't percent o-), N-propylQni3.ino, 
N- tert -but ylani lino, 2,5-xylidlne, and N-methyT-p- tert -hutylanlllne. 
Batlngs wore also deteztnlned for 28-B and all the test blends with an 
F-3 engine. 

The results of knoolc-llmited performance tests with the modified 
F-4 engine to determine the antiknock effectiveness of 2-peroent blende 
of 13 aromatic amines are suimiBrlzed as follows: 

1. The following aromatic aminos were effective antiknock addi- 
tivea tdien tested at moderate engine oonditlonB over the complete 
fuel-air ratio range; 

N -Methy Icumid Inee 
N-MethyLzylidinos 
£-Ethylanlllne 

NrMethyltoluldines (80 percent 20 percent o-) 
N-Methyltoluidines (60 percent 40 percent o<-) 
2,5-Jylldine ~ 
H-Methyl-p -tert -butylanillne 
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Tbese aooLlnes gaire good rich-mixture responee at standard F-4 operating 
conditions 1)ut vera sensitive to engine severity at lean jfuol-alr 
ratios. 



IMTRODUCTIOlf 

A general Investigation on the eff octlvenoss of aromatic amines 
as antllmock eiddltlvcs for aviation fuels Is "being conducted at tlrie 
Cleveland laboratory of the NACA at the rcquoat of tho Amy Air Forces, 
Air Technical Service ConEnand. This report Is part IV of a series of 
five reports presenting knock data on a total of 46 aromatic amines. 
(See raferencos 1 to 3.) The low-temperature aoluhlllty of the amines 
and the suitability for overvater storage of thalr gasoline blonds are 
presented In reforoncos 4 to 6. The present paper reports knock- 
limited porformancb data, obtained during August and September 1944, 
for 13 aromatic amines. It Is amphaslzcd that knock In a CFB onglne 
Is the sole criterion for evaluating the aminos In this report. 



AFFAEIATUS AND TEST FROCEDUBE 

The aronfltlc amines tested woro proT>ared by the Organic Syn- 
thesis Section af the Cleveland laboratory under the direction of 
Dr. W. T. Olson. The amines vere dlstillod through a fractionating 
column, and a narrow fraction (approxlmatoly 1° C) In the middle of 
the boiling range was selected for thu engine testa. 

Ehock-llmlted data were obtained with tho same modified F-4 engine, 
base stock, and operating conditions as roportod in references 2 and 3. 
Tho three sots of operating conditions, ranging from severs to mild, 
were as folliTws: 

Inl&t-air Spark advance Coolant 
temperature (dogB.T.C.) temperature 
(°F) (Op) 

F-4 method 225 45 375 

Modification A 250 30 250 

Modification B 150 30 250 

At each of thosu sots of conditions, 28-B and a blend of 28-B contain- 
ing 2 percent of an aromatic amines voro tested on the somo da^'. 



F-3 ratings for 2S-B and a].l tho fuel blends wero also obtained. 
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DliBCOSSION OF BB3DLIS 

Figures 1 to 13 present the lEnook-llnilted perf anoance data for 
tbe 13 arcnatlc aulBes^^ested' under three s^ts of conditions.' Eaoh 
figure oomperes the effects of the transition from serere to mild 
engine conditions for 28-Ii fuel and a 2-percent addition of each 
aromatio amine to this fuel. Tahle I lists the amines tested and 
summarizes the relatlTe power ohtalned hy their addition to 28-B fuel 
nhen tested under supercharged conditions. Table II presents the 
F-3 ratings of 28-!R fuel vlth and vl^out the addition of the aro- 
matic amines. 

When the engine vas operated according to F-4 specif ioatlons^ 
none cf the amines consistently increased the Imock-llmited power 
ahove that of 28-B fuel at lean mixtures, as shown In table I; 
hoverer, the N-methylcumldines, N-methyli^lldlnes, f-ethylanlllne, 
both the N-methyltoluldlnes, 2,5-Z7lidinej and the N-aethyl-p- tert - 
huty] aniline exhibited desirable rich-mixture characteristics. 
Vhen tested under the modified conditions, these amines acted as 
good antiknock addltlTos over the complete range of fuel-air ratios. 
The F-3 ratings presented in table II show an ImproTement in the 
perfoxmance of 28-B fuel by the addition of each of the afore- 
mentioned amines except 2,5-X7lidlne and N-methy 1-p- tert -butylanlllne . 

Among the 13 aromatic aminos considered herein, o-cumidlne, 
o-othylaniline, N,N-dlmethyl-2,4,6-trimethylanillne, N,N dlmethyl- 
2-methyl-5-isopxopylanlline, and IT -tert -butylanlllne showed no 
beneficial characteristics as antiknock agents. On the average, 
N-propylanlline promoted knock under F-4 oondltione, but improve- 
ments up to 6 percent were observed over the fuel-alr-ratlo range 
tested at the modified conditions. (See fig. 10(a).) 

Aromatic -amine compounds having alkyl radicals substituted in 
the ortho position appeared to be less satisfactory antiknock agents 
than those with substitutLons in the meta or para positions. 13a.lB 
finding is illustrated by comparing o-ethylaniliae with £-ethyl- 
anlline (figs. 3 and 5) and N-metbyltoluldines (80 percent 
20 percent o-) with N-4iethyltoluidlneB (60 percent 40 percent o-) 
(figs. 8 and 9). Table III presents a comparison of the relative ~ 
powers afforded by various aromatic amines having ortho-substltuted 
radicals with the powers obtained with amines having para-substituted 
radicals . 

Adding 2 percent of 2,5-xylidine to 28-B fuel gave much the same 
result as that previously obtained with 2,4-xylidlne, 2,6-xylidine, 
and ccmaerclal xylidlnes. (See fig, 12 and references 1 and 3.) At 
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moderate engine condltlona S^S-zylldlne acted as a good aatUaiock 
additive but, 'wheu the severity of engine oondltlons was Increased, 
the power Improvement 'became Increasingly dependent on fuel-air 
ratio. 

Comparison of the data for N-metbylzylldlnes reported heroin 
(fig. 2) vlth the data for commercial xylidlnes In reference 1 
indicates that little choice can be made between them. The small 
difference at certain fuel-air ratios betveen their respective 
relative Imoclc-llmited powers is considered Insignificant. 

Slight differences betveen the indicated spec If Ic fuel consump- 
tions of 28-Ii fuel and tliose cf blends containing an aromatic amine 
■vere not considered sigilficant. 



SUI4MAEY Off BESULTS 

The results of Imoclc-limltod perf ormaace tests vlth the modi- 
fied F-4 engine to determine the antiknock effectiveness cf 2-percent 
blends of 13 emsmatlc amines are sunmarlzed as follows: 

1. The following arcmatlc aminos were effective antllmock addi- 
tives when tested at moderate engine conditions over the complete 
fuel-alr-ratlo range; 

N-Methylcumldlnes 
N-Methyliylldlnes 
£-£thj Ian nine 

N-Methyltoluldines (80 percent ^-t percent o-) 
N-Methyltoluldines (60 percent ^Tr percent o-) 
2,5-Zylidlne 

N-Methyl-p -tert -butylanillne 

These amines gave good rich-mixture response at F-4 conditions but 
were sensitive to engine sbverity at luan fuel-air ratios. 



Aircraft Engine Research Laboratory, 

ITatlonal Advlsozy Cozamittee for Aeronautics, 
Cleveland, Ohio, December 21, 1944. 
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TABLE I - SUianaRT OF JUITIKNOCK EFFECTIVEIiESS OF AROMATIO-AlOaiS ADDITIONS TO 28-R FUEL 



Inlot-air Coolant Spark 
tempuraturti tvjnpyrature advance 
(°F) (°F) (dcg B.T.C.) 



P-4 mothod , 22? 37? 4? 

Kodific=ition A 2$0 2?0 30 
■ UodiflcCLtlon B 1?0 2^0 30 



AroRiitic amine 
(2-pjrccnt addi- 
tion to 23-R) 


T . . (aromatic amina plus 28-R) 
Riilativu power = ^ . „ — ^ 


fA = 0.062 


f/a = 0.0- 


'0 


F/A - 0.090 


F/A - 0.110 


F-4 

method 


ITodi- 
fica- 

tion A 


Modi- 
ficfi- 
tion B 


F-4 

mfcthod 


J'odi- 
fica- 
tion A 


?!odi- 
fica- 
tion B 


P-4 
method 


Modi- 

flCT 

tion A 


l!odl- 
fica- 
tion B 


P-4 
mjthod 


Tftxii- 
fica- 
bion A 


Mbdi- 
fica- 
tion B 


N-!fethylcuraidines 

N-irothylxylidintJS 

g-£thyliiniline 

2-Cuinidinb 

&-Ethylanllin-j 

N,H-Dliiibthyl-2,4,6- 

t"."!*! mi-' t.Tiirl E* T i tip 

N, JI-DLn6thyl-2-mjth7l- 
?-is opropylaniline 

N-Kcthyltoluidlnea 
(SOjSg-, 20^0-) 

IWeithyltoluidines 

(60.t^, 40-«o-) 

N-PropyLaniline 
N-t^irt-£utyl£nllinfa 

2,'5-Xylidine 
N-lfithyl-£-tert-butyl- 
aniline 


1.00 
.99 
1,00 

.97 
.92 
1.00 
.97 

.97 

.98 

1,01 

1.03 
.97 
.98 

1.00 


1.00 
1.17 

i:oi 

1.10 

.99 

1.01 
1.04 

.97 
1.14 

1.05 

1,00 
1.02 
1.01 
1.11 


1.00 
1.14 
1.13 
1.12 
1.00 
1.04 
.98 

1.01 

1.16 

1.10 

1.03 
1.01 
1.12 
1.12 


i.og 

.98 
1.03 

.97 

.93 
1.00 

.9? 

.9? 

.9? 

1.00 

.98 
.84 
.81 
.91 


1.00 
1.11 
1.0? 

1.13 
.98 

1.03 
.98 

.97 

1.18 

1.12 

1.06 
1.00 
1.07 
l.U 


1.00 
1.16 
1.13 
1.12 
1.03 
1.01 
.96 

,98 ■ 

1.1? 
1.14 

1.06 
1.01 
1.12 
1.14 


1.00 
1.08 
1.00 
1.04 
.90 
.92 
.88 

.94 

1.04 

1.01 

.96 
.97 
.97 
1.02 


l.X 

1.1? 
1.09 

1.12 

1.01 

1.0? 

.96 

.98 

1.1? 

1.1? 

1.03 
1,00 
1.10 
1.16 


1.00 
1.14 
1.11 
1.14 
1.06 
1.04 
.97 

.99 

1.16 

1.13 

1.04 
1.01 

1,09 
1.10 


1.00 
1.13 
1.08 
1.09 

.97 
1.00 
.94 

.97 

1,14 

1.13 

1.02 
1.02 
1.10 
1.14 


1.00 
1.16 

i.n 

1.13 
1.01 
1.04 
.97 

.99 

1.14 
1.13 

1.02 
.99 
1,07 
1.12 


1.00 
1.14 
1.11 
1.12 
1.0? 
1.07 
.98 

1.00 

1.09 

1.11 

1,06 
1.02 

1.11 
1.10 



Nation?l Advisory Conmittee 
for Aeronautics 



NACA m No. E4L21 



7 



TABLE II - P-3 RATINGS OF 2-PJRCBINT EUXIDS 

OF AROJTATIC AJOTiS AND 28-R FUl5L 



Arcmatlc amine 
(2-percent addition to 28-R fuel) 



F*-3 rating 



Tetraethyl lead 
In S-3 reference 
fuel, ml/gal, or 
octane number 



Perform- 
ance 
number 



28-R 

N-Methylcumldlnes 

N-Methylxylldlnes 

g-Ethylanlllne 

o-Cmnidine 

o~Ethylanllino 

if, M-Dlmet hyl-2 , 4 , 6-trimethylanillne 

N, N-Dlniethyl-2-methyl-5-lsopropylani line 

N-Methyltoluidines (50^ 20^ c-) 

N-l«tethyltoluldtnes (6ojb 40^ o^) 

N-Propylaniline 

N-tert-Butylanlllne 

2,5^11dine 

N-Vethyl-p- tert- butylani line 



100 


100 


0.04 


101 


0.06 


102 


0,04 


101 


100 


100 


100 


lOU 


98 


93 


98.8 


96 


0.04 


101 


0.03 


101 


100 


100 


LX) 


100 


100 


100 


100 


uo 
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TJSELS III 

COMPARISON OF BELAFIVE ENOCE-LBCETED FONEEiS OF AMUSES 

WITH 0E3H0- AND PARA-SUBSTITUTED RADICALS 
Operating condition, modification A: Inlet -alj: 
temperature, 250° 7; coolant temperature, 250° F; 
spark advance, 30° B.T.C.] 



Aromatic amine 


lneP(amlne + 28-B) 
Relative power - ■ 

^(2a-R) 


F/a = 0.062 


F/A - 0.090 


o-Toluidine^ 
2-Toluidlne''- 


1.03 
1.06 


1.06 
1.13 


N-Metli7l-£-toluldlne2 
N-Methyltoluldlnes 

(sett ZOjf 0-) 
N-Met^ltoluldlnes 

(605^2-, 4056 0-) 


1.13 
1.14 

1.05 


1.20 
1.15 

1.15 


jg-Ethylanlllne 
o-Ethylanlllne 


1.10 
1.01 


1.12 
1.05 



[Data from reference 2. 
'Data from reference 1. 
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.08 .09 .10 

Puel-air ratio 

(a) Inlet-air temperature, 2 25° F; coolant temperature, 375° F; 
spark advance, 45° B.T.C. 

Figure 1. - Effect of addition of 2-peroent N-methyloumi dines to 28-R 
fuel on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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.08 .09 .10 

i'uel-air ratio 

(a) Inlet-alr temperature, 225° F; coolant temperature. 375° F; 
spark advance, 45° B.T.C. 

Figure 2. - Effect of addition of 2-percent N-methylxylidines to 28-1 
fuel on knock-limited performance of a GFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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Fuel-air ratio 

(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; 

spark advance, 30° B.T.C. 
Figure 2. - Continued. Effect of addition of 2-percent N-methylxyl- 

idines to 28-fi fuel on knock-limited performance of a CFi? engine. 

Engine speed, 1800 rpm; compression ratio. 7.0: oil temperature, 

165° F. 
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Fuel-air ratio 

(o) Inlet-air temperature, 150° F; coolant temperature, 250° F; 

spark advance, 30° B.T.C. 
Figure 2. - Concluded. Effect of addition of 2-percent N-methylxyl- 

idines to 28-R fuel on knock-limited performance of a CFR engine. 

Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature 

165° F. 
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Fuel-air ratio 

(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; 
spark advance, 45° B.T.C. 

Figure 3. - Effect of addition of 2-percent p-ethylani line to 28-R ' 

fuel on knock-limited performance of a CFR engine. Engine speed, 

1800 rpm"; compression ratio, 7.0; oil temperature, 165° F. 
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Fuel-air ratio 

(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; 

spark advance, 30° B.T.C. 
Figure 3. - Continued. Effect of addition of 2-percent p-ethylani- 

line to 28-R fuel on knock-limited performance of a CFR engine. 

Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 

165° F. 
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.08 .09 .10 

Fuel-air ratio 

(c) Inlet-air temperature, 150° F; coolant temperature, 250° F; 
spark advance, 30° B.T.Ci 

Figure 3. - Concluded. Effect of addition of 2-percent p-ethylaniline 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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Fuel-air ratio 

(a) Inlet-air temperature, 225° P; coolant temperature 375° F; spark 
advance. 45° B.T.C. 

Figure 4. - Effect of addition of 2-percent o-oumidine to 28-R fuel 
on knock-limited performance of a CFR engine. Engine speed, 1800 
rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature. 250° F; coolant temperature 250° P; spark 
advance, 30° B.T.C. 

Figure 4. - Continued. Effect of addition of 2-peroent o-cumidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0: oil temperature, 165° P. 
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.08 .09 .10 

Fuel-air ratio 

(o) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark 
advance, 30° B.T.C. 

Figure 4. - Concluded. Effect of addition of 2-peroent 2~cuB'idine to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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Fuel-air ratio 

(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; spark 
advance. 45° B.T.C. 

Figure 5. - Effect of addition of 2-peroent fi-ethy laniline to 28-R 
fuel on knock-li^nited performance of a CFR engine. Engine speed. 
1800 rpm; compression ratio, 7.0; oil temperature, 165° P. 
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Puel-air ratio 



(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; spark 
advance. 30° B.T.C. 

Figure 5. - Continued. Effect of addition of 2-percent o-ethylaniline 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 150° F; coolant temperature, 250° F; sparlc 
adyancs, 30° B.T.C. 

Figure 5. - Concluded. Effect of addition of 2-peroent o-ethylaniline 
to 28-R fuel on Irnook -limited performance of a CFR engine. Engine 
speed, 1800 rpa; compression ratio, 7.,0; oil temperature, 165° F. 
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(a) inlet-air temperature, 225° F; coolant temperature, 375° F; spark 
advance, 45° B.T.C. 

Figure 6- - Effect of addition of 2-percent N, N-dimethyl-2, 4, 6-tri- 
methylanillne to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed. 1800 rpm; compression ratio, 7.0; oil temp- 
erature, 165° F. 
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(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; spark 
advance, 30° B.T.C- 

Figure 6. - Continued. Effect of addition of 2-percent N,- N-dimethyl- 
2, 4, 6-t rimethy laniline to 28-R fuel on knock-limited performance of 
a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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(o) inlet-air temperature, 150° F; coolant temperature. 250° F; spark 
advance, 30° B.T.C. 

Figure 6. - Concluded. Effect of addition of 2-percent N, K-dimethyl- 
2, 4, 6-trimethylaniline to 28-R fuel on knock-limited performance of 
a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; spark 
advance, 45° B.T.C. 

Figure 7. - Effect of addition of 2-percent N, N-dimethyl-2-n;ethy 1-5- 
isopropylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil temper- 
ature. 166° F. 
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(b) Inlet-air temperature, 250° F; coolant temperature 250° F; spark 
advance, 30° B.T.C. 

Figure 7. - Continued. Effect of addition of 2-percent N, N-dimethyl- 
2-methyl-5-i sopropylani line to 28-R fuel on knock-limited performance 
of a CFR engine. Engine speeds- 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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Fuel-air ratio 

(o) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark 
advance, 30° B.T.C. 

Figure 7. - Concluded. Effect of addition of 2-percent N, N-dimethyl- 
2-methyl-5-isopropy laniline to 28-R fuel on Icnock-limited performance 
of a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature. 165° P. 
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(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; spark 
advance, 45° B.T.C. 

Figure 8. - Effect of addition of 2-percent N-methyltoluidines (80 
percent p-, 20 percent o-) to 28-R fuel on knock-limited performanoe 
of a CFR engine. Engine speed, 1800 rpm; compression ratio. 7.0; 
oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; coolant temperature. 250° F; spark 
advance, 30° B.T.C. 

Figure 8. - Continued. Effect of addition of 2-percent U-methy Itolui- 
dines (80 percent 20 percent 0-) to 28-R fuel on knock-limited 
performance of a CFR engine. Engine speedy 1800 rpm; compression 
ratio, 7.0; oil temperature, 165° F. 
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(o) Inlet-air temperature, 150° P; coolant temperature, 250° P," spark 
advance, 30° B.T.C. 

Figure 8. - Concluded. Effect of addition of 2-peroent N-methy Itol- 
uidines (80 percent p-, 20 percent o-) to 28-R fuel on knock-limited 
performance of a CFR engine. Engine speed. 1800 rpm; compression 
ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 225° P; coolant temperature, 375° F;. spark 
advance, 45° B.T.C. 

Figure 9. - Effect of addition of 2-percent N-methyltolui dines (60 
percent 40 percent o-) to 28-R fuel on knock-limited performance 

of a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; 
oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; coolant temperature, 250° P; spark 
advance, 30° B.T.C. 

Figure 9. - Continued. Effect of addition of 2-pe'-rcent N-methyltolu- 
idines* (60 percent p-, 40 percent g-) to 28-R fuel on knock-limited 
performance of a CFl engine. Engine speed, Jt 00 rpm;. compression- 
ratio, 7.0; oil temperature, 165° F. 
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(c) Inlet-air temperature, 150° F; coolant temperature, 250° P; spark 
advance, 30° B.T.C. 

Figure 9. - Concluded. Effect of addition of 2-percent N-methy Itolu- 

idines (60 percent p-, 40 percent o-) to 28-R fuel on knock-limited 

performance of a CFR engine. Engine speed, 1800 rpm; compression 
ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 225° F; coolant temperature, 375" F; spark 

advance, 45° B.T.C. 

Figure 10. - Effect of addition of 2-percent N- propylaniline to 28-R 
fuel on knock-limited performance of a CFR engine. Engine speed 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 



NACA HR No. E1L2I 



«4 H 

I « 

,.5 50 



f4 n 

IE no 




.8 



.7 



NATIONAL APVISORY 
COMMITTEE FOR AERONAUTICS 



-0:& 



7=7 




1 1 1 1 1 1 1 I 11 1 1 1 I 



7 



z 



TTTT 



1 1 1 1 1 1 r 1 1 



1 1 1 11 1 1 1 1 1 1 1 1 1 



H-N-O-O-C 



o 2g-R 

□ za-R * 2-percent K-propylanlllne 



Fuel-air 'ratio 

(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; spark 

advance, 30° B.T.C. 
Figure 10. - Continued. Effect of addition of 2-percent N-propylan- 

iline to 28-R fuel on knock-limited performance of a CFR engine. 

Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 

165° F. . 
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(o) Inlet-air temperature, 150° P; coolant temperature, 250° F; 
spark advance, 30° B.T.C. 

Figure 10. - Concluded. Effeef of addition of 2-peroent N-propylani- 
line to 2S-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
(65° F. 
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(a) Inlet-air temperature, ZZ5° T; coolant temperature, 375*^ F; 
apark advance, 45° B. T.C. 

Figure II. - Effect of addition of 2-peroent N-tert-butyl aniline to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
• peed; 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; 
spark advance, 30° B.T.C. 

Figure I I. - Continued. Effect of addition of 2-percent N-tert- 
butylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(c) Inlet-air temperature, 150* F; coolant temperature, 250° F; 
spark advance, 30° B.T.C. 

Figure I I. - Concluded. Effect of addition of 2-peroent H- tert - 
butylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(a) Inlet-air temperature, 225° P; coolant temperature, 375° P; 
spark advance, 45° B.T.C. r. 

Figure 12. - Effect, of addition of 2-percent 2,5-xylidine to 28-R 
fuel on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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